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What is claimed is: 




A device adapted to be used in a communication system in which a first 
unit communicates with a sec ond unit using a common frequency, the device 
5 comprising: 

means for detecting an offset between the common frequency used 
by the first unit and the seco nd unit in a first signal transmitted by the first unit 

it; 

means for adjusting the common frequency in accordance with the 
10 offset in a second signal to be transmitted by the second unit and to be received 
by the first unit so that the effejpts of the offset to be perceived by the first unit 
will be substantially reduced. 



and received by the second 



C3 



2. A device according to cjlaim 1, wherein the common frequency is a 
*~ 15 carrier frequency. 



20 




3. A device accorfpgg to claim 1, wherein the common frequency is a 
sampling frequency. 




^4. A device according to claim 2, wherein the means for detecting the offset 
includes means for performing a correlation on a digital representation of the first 
signal so as to lock onto thepffset in the carrier frequency, 

-20- 



Meng et al. 

M&A for Eliminating the Effects of Frequency Offsets ... 



TS005 

Atty. Dkt #73169/259697 



PROPRIETARY AND CONFID 



TO T-SPAN SYSTEMS 



5. A device according to cliiim 2, wherein the means for adjusting the 
common frequency includes a means for digitally shifting data in frequency to be 
transmitted in accordance with carrier frequency and the offset. 



20 



6. A device according to claim 3, wherein the means for detecting the offset 
includes means for performing a variable delay on a digital representation of the 



first signal so as to lock onto the 




the sampling frequency. 



10 7. A device according to clahm 3, wherein the means for adjusting the 

common frequency includes means for digitally interpolating data to be 
transmitted in accordance with the sampling frequency and the offset. 



8. A device accordlig to claim 2, wherein the means for detecting the offset 

onto the offset in the carrier frequency and for 
corresponding thereto. 




15 includes means for locking 
producing an output si 



ignal 



9. A device accordiig to claim 8, wherein the means for adjusting the 
common frequency includes means for variably adjusting a reference frequency 
output by a crystal oscillator in accordance with the output signal generated by 
the locking means. 
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10. A device according to cljaim 3, wherein the means for detecting the 
offset includes: 

means for sampling thjp first signal; 

means for generating an output frequency corresponding to the 
common sampling frequency having a desired phase and frequency in 
accordance with a control signal; 

means for comparing tHe sampled first signal and the output 
frequency so as to lock onto the offset in the sampling frequency; and 

means for adjusting the control signal in accordance with the offset. 



11. A device according to claim 10, 
output frequency includes means for selec 



sampling frequency in accordance with the control signal 




the means for generating the 
e of M phases of the common 



12. A device according to claim|3, wherein the means for adjusting the 
common frequency includes means fon generating an output frequency 
corresponding to the common sampling frequency having a desired phase and 
frequency. 

13. A device according to claim l6, wherein the means for adjusting the 
common frequency includes means for generating a second output frequency 
corresponding to the common sampling frequency having a second desired phase 
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and frequency. 



14. A device according to claim 13, wherein the means for generating the 
output frequency includes meai^fx^ selecting one of M phases of the common 
sampling frequency in accordai Lee with the control signal. 




■7 



15. A method adapted to be used in a communication system in which a 
first unit communicates wjth a second unit using a common frequency, the 
method comprising: 

10 detecting an offset between the common frequency used by the first 

unit and the second unit in a first signal transmitted by the first unit and 

received by the second unit; 

adjusting the coihmon frequency in accordance with the offset in a 

second signal to be transmitted by the second unit and to be received by the first 
15 unit so that the effects of the opset to be perceived by the first unit will be 

substantially reduced. 



20 



16. A method according t^> claim 15, wherein the common frequency is a 
carrier frequency. 

17. A methoAsixmding to claim 15, wherein the common frequency is a 
sampling frequency. \ A ^ 
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Cj>fl 18 .A 



method according to claim 16, wherein the step of detecting the 
offset includes performing a correlation on a digital representation of the first 
signal so as to lock onto tha offset in the carrier frequency . 



19. A method according to claim 16, wherein the step of adjusting the 
common frequency includes digitally shifting data in frequency to be transmitted 
in accordance with the carrier frequency and the offset. 

10 20. A method according to claim 17, wherein the step of detecting the 

offset includes performing a variable delay on a digital representation of the first 
signal so as to lock onto the offset in the sampling frequency . 



1 21. A method accoraing\to claim 17, wherein the step of adjusting the 

f 15 common frequency includes digitally interpolating data to be transmitted in 
accordance with the sampling frequency and the offset. 



^7 

<T ( 22. A 



method according to claim 16, wherein the step of detecting the 
offset includes locking on :o the offset in the carrier frequency and producing an 
20 output signal corresponding thereto. 



23. A method according to claim 22, wherein the step of adjusting the 
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common frequency includes variably 
crystal oscillator in accordance 



means. 



adjusting a reference frequency output by a 
with the output signal generated by the locking 



q 10 

u 

J 



£3 
£1 



5 24. A method according to claim 17, wherein the step of detecting the 

offset includes: 

sampling the erst signal; 

generating anloutput frequency corresponding to the common 
sampling frequency having|a desired phase and frequency in accordance with a 
control signal; « 

comparing the feampled first signal and the output frequency so as to 
lock onto the offset in the sampling frequ^ficy; and 

adjusting the control signal in accordance with the offset. 




15 25. A method according to claim 24, wherein the step of generating the 

output frequency includes selecting one of M phases of the common sampling 
frequency in accordance with the control signal. 



26. A method according tol claim 17, wherein the step of adjusting the 
20 common frequency includes generating an output frequency corresponding to the 
common sampling frequency haviAg a desired phase and frequency. 
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27. A method according to 



claim 24, wherein the step of adjusting the 
common frequency includes gene rating a second output frequency corresponding 
to the common sampling frequency having a second desired phase and 
frequency. 

28. A method according to djlaim 27, wherein the step of generating the 
output frequency includes selecting^ one of M phases of the common sampling 
frequency in accordance with the control signal. 




29. A 



device adapted to be used in a first unit that can communicate with 
a second unit using a common carrier frequency, the device comprising: 

a frequency lock loop that is coupled to receive a digital 
representation of a first sigrral transmitted by the second unit, the frequency lock 
loop being adapted to detect a carrier frequency offset in the first signal and to 
produce offset information cora-esponding thereto; and 

a frequency shift alock that is coupled to receive the offset 
information and data to be transmitted by the first unit in a second signal to be 
received by the second unit, the frequency shift block being adapted to digitally 
shift the data in frequency in accordance with the common carrier frequency and 
the carrier frequency offset so thai the effects of the carrier frequency offset to be 
perceived by the second unit will ue substantially reduced. 
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30. A device adapted to be used in a first unit that can communicate with 
a second unit using a common sai npling frequency, the device comprising: 

a delay lock loop that is coupled to receive digitally sampled data of a 
first signal transmitted by the second unit, and digitally detected data of the first 
signal, the delay lock loop being adapted to detect a sampling frequency offset in 
the first signal based on the received data and to produce offset information 
corresponding thereto; and 

a digital low-pass filter t%rff i^ coupled to receive the offset 
information and data to be transnittdd by the first unit in a second signal to be 
received by the second unit, the d gital low-pass filter being adapted to digitally 
interpolate the data to be transmitted in accordance with the common sampling 
frequency and the sampling frequency offset so that the effects of the sampling 
frequency offset to be perceived by pie second unit will be substantially reduced. 





31. A device adapted to be used in a first unit that can communicate with 
a second unit using a common carrier frequency, the device comprising: 

a frequency lock loop that is coupled to receive a digital 
representation of a first sigrad transmitted by the second unit, the frequency lock 
loop being adapted to detect a carrier frequency offset in the first signal and to 
produce an analog offset signal corresponding thereto; 

a crystal oscillator that supplies a reference frequency for 

) be perceived by the second unit in accordance with 



modulating a second signal t< 
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the common carrier frequency; and 

i 

a variably adjustable device coupled to receive the offset signal and 
to the crystal oscillator, the variably adjustable device being adapted to adjust 
the reference frequency of the crystal oscillator in accordance with the offset 
signal so that the effects of the learner frequency offset in the second signal to be 
perceived by the second unit wil^be substantially reduced. 

32. A device adapted to t e used in a first unit that can communicate with 



a second unit using a common 
a voltage-controllec 



fU 15 frequency offset in the first signlal 



sampling frequency, the device comprising: 
oscillator that generates an output signal having 
a frequency and phase in accordance with a control signal; 

a phase detector th at is coupled to receive a sampled signal of a first 
signal transmitted by the secon d unit, and the output signal from the voltage- 
controlled oscillator, the phase deteetbr being adapted to detect a sampling 



on a comparison of the received signals 



and to cause the control signal 



a digital-to-analog c 



adjusted in response to the comparison so 
that the effects of the sampling freqdency offset in the first signal to be perceived 
by the first unit will be substant ally reduced; 

onverter that receives data to be transmitted in a 
20 second signal to be received by the second unit in accordance with the common 
sampling frequency; and 

a second voltage-cojntrolled oscillator that produces the common 
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sampling frequency in respons e to a second control signal that has been adjusted 
in accordance with the compajison performed by the phase detector so that the 
effects of the sampling frequency offset in the second signal to be perceived by 
the second unit will be substantially reduced. 



33. A device adapted to 
a second unit using a commori 

a voltage-controlle I 
a frequency and phase in accordance 

a phase detector tl at i; 
signal transmitted by the secon 
controlled oscillator, the phase 



and to cause the control signa 
that the effects of the sampling 




selected one being determined 

ft 



De used in a first unit that can communicate with 
sampling frequency, the device comprising: 
oscillator that generates an output signal having 
wi^f a control signal; and 
oupBpd to receive a sampled signal of a first 
d unit! and the output signal from the voltage- 
detector being adapted to detect a sampling 



frequency offset in the first signal based on a comparison of the received signals 



to be adjusted in response to the comparison so 
frequency offset in the first signal to be perceived 
by the first unit will be substan lially reduced; 

wherein the voltage-controlled oscillator includes a phase interpolator that 
generates a selected one of M phases of the common sampling frequency, the 

tw the control signal. 



34. A device adapted t© be used in a communication system in which a 
first unit communicates with a second unit using a common frequency, the 
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device comprising: 

means for detecting an offset between the common frequency used 
by the first unit and the secon d unit in a first signal transmitted by the first unit 
and received by the second 
5 means for commuAicating information corresponding to the detected 

offset from the second unit to the first unit; 

means for adjusting the common frequency in accordance with the 
offset in a second signal to be trdnsii^ed by the first unit and to be received by 
the second unit so that the effect^ of the offset to be perceived by the second unit 

a 

10 will be substantially reduced. 



™ 35. A device adapted to belused in a communication system in which a 

r first unit communicates with a sepond unit using a common frequency, the 
□ device comprising: 

fU 15 means for detecting aA offset between the common frequency used 

- 3 by the first unit and the second un^jt in a first signal transmitted by the first unit 
and received by the second unit; 

means for communicating information corresponding to the detected 
offset from the second unit to the firsjf: unit; 
20 means for adjusting the tommon frequency in accordance with the 

offset in a second signal to be transm tted by the second unit and to be received 
by the first unit so that the effects of t\ie offset to be perceived by the first unit 
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